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DIGITAL-TO-ANALOG CONVERTER USING 
CAPACITORS AND OPERATIONAL AMPLIFIER 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

[0001] This application claims the bene?t of Korean 
Patent Application No. 10-2005-0106357, ?led on Nov. 8, 
2005, in the Korean Intellectual Property Of?ce, the disclo 
sure of Which is incorporated herein in its entirety by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present disclosure relates to a digital-to-analog 
converter using capacitors and an operational ampli?er and, 
more particularly, to a digital-to-analog converter that can be 
highly integrated due to its small area and that can rapidly 
perform a stable converting operation. 

[0004] 2. Discussion of the Related Art 

[0005] A digital-to-analog converter that converts digital 
data into an analog signal includes a resistor string converter 
and a decoder and a capacitor converter using the charging 
of a capacitor and charge distribution. 

1. Technical Field 

[0006] FIG. 1 is a block diagram of a conventional resistor 
string converter. Referring to FIG. 1, the resistor string 
converter includes a resistor string 102, a decoder 104 and 
a buffer 106. When a maximum voltage Vmax and a 
minimum voltage Vmin are applied to both ends of the 
resistor string 102, a plurality of voltages Vi1, Vi2, . . . , Vik 
falling betWeen the maximum voltage Vmax and the mini 
mum voltage Vmin are applied to the decoder 104. The 
decoder 104 receives a digital data input, selects from 
among the voltages V01, V02, . . . , Vok corresponding to the 

received digital data, and outputs the selected voltages V01, 
V02, . . . , Vok through output terminals. The selected 

voltages V01, V02, . . . , Vok output through the output 

terminals are supplied to an external device (not shoWn) 
through the buffer 106. 

[0007] The aforementioned resistor string converter per 
forms a stable digital-to-analog converting operation. This 
resistor string converter, hoWever, requires a large area and, 
thus, is not suitable for a high level of integration. 

[0008] The area of the conventional resistor string con 
verter illustrated in FIG. 1 is increased 2N times When the 
number of bits of input data is increased by N. For example, 
When the siZe of a decoder of a 6-bit system is 100, the siZe 
of a decoder of an 8-bit system becomes 400 (=l00><22) and 
the siZe of a decoder of a l0-bit system becomes 1600 
(=l00><24). Accordingly, it is dif?cult to use the resistor 
string converter in systems processing more than 10 bits. 

[0009] To solve this problem, digital-to-analog converters 
suitable for a high level of integration have been studied in 
various Ways. One of the digital-to-analog converters suit 
able for a high level of integration is a digital-to-analog 
converter using the charging of a capacitor and a charge 
distribution. 

[0010] FIG. 2 is a circuit diagram of a conventional 
capacitor converter using the charging of capacitors and a 
charge distribution. Referring to FIG. 2, the capacitor con 
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verter includes a digital data input unit 202 having data 
sWitches Sd1 and Sd2, a charging sWitch Sc1, a charging 
capacitor C1, a distribution sWitch Sc2, a distribution 
capacitor C2, and an initialiZation sWitch Sc3. The initial 
iZation sWitch Sc3 discharges the charging capacitor C1 and 
the distribution capacitor C2 to initialiZe them before a 
converting operation. 
[0011] When the data sWitches Sd1 and Sd2 transfer the 
upper limit voltage Va or the loWer limit voltage Vb in 
response to the logic level of the ?rst bit of the digital data 
input to the data input unit 202, the charging sWitch Sc1 is 
closed and subsequently opened such that the charging 
capacitor C1 is charged With the upper limit voltage Va or 
the loWer limit voltage Vb. Then the distribution sWitch Sc2 
is closed and subsequently opened to distribute the charges 
stored in the charging capacitor C1 to the distribution 
capacitor C2. Subsequently, the charging capacitor C1 is 
charged With the upper limit voltage Va or the loWer limit 
voltage Vb in response to the logic level of the second bit of 
the input digital data and the charges of the charging 
capacitor C1 are distributed to the distribution capacitor C2 
such that charges are accumulatively stored in the distribu 
tion capacitor C2. 

[0012] The aforementioned operation is repeated n times 
in the case of n-bit data to ?nally charge the distribution 
capacitor C2 With the voltage Vo corresponding to the input 
digital data. 

[0013] The converting operation using the charging 
capacitor C1 and the distribution capacitor C2, hoWever, 
requires a long period of time for generating a ?nal voltage, 
because it has to perform n charging and distribution opera 
tions to convert n-bit data into an analog signal. Further 
more, the operation of the capacitor converter is not stable 
and, thus, the reliability of the capacitor converter is dete 
riorated even though the area of the capacitor converter is 
reduced. 

SUMMARY OF THE INVENTION 

[0014] Exemplary embodiments of the present invention 
provide a digital-to-analog converter that can be highly 
integrated due to its small area and that can rapidly perform 
a stable converting operation. 

[0015] According to an exemplary embodiment of the 
present invention, there is provided a digital-to-analog con 
verter comprising a data input unit, a ?rst conversion unit, a 
second conversion unit, and a signal output unit. The data 
input unit comprises data sWitches that are opened and 
closed in response to a logic level of input digital data. The 
?rst conversion unit comprises a ?rst charging capacitor 
charged With a voltage transferred through the data sWitches 
in response to a ?rst charging control signal, and a ?rst 
distribution capacitor charged With a voltage corresponding 
to the digital data through a charge distribution betWeen the 
?rst charging capacitor and the ?rst distribution capacitor in 
response to a ?rst distribution control signal. The second 
conversion unit comprises a second charging capacitor 
charged With a voltage transferred through the data sWitches 
in response to a second charging control signal, and a second 
distribution capacitor charged With the voltage correspond 
ing to the digital data through a charge distribution betWeen 
the second charging capacitor and the second distribution 
capacitor in response to a second distribution control signal. 
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The signal output unit is selectively connected to the ?rst 
conversion unit or the second conversion unit in response to 
a select control signal and outputs an analog data signal 
corresponding to the voltage across the ?rst distribution 
capacitor or the voltage across the second distribution 
capacitor. 
[0016] The second conversion unit outputs the voltage 
across the second distribution capacitor charged With the 
voltage corresponding to the digital data to the signal output 
unit When the ?rst conversion unit charges the ?rst distri 
bution capacitor With the voltage corresponding to the 
digital data, and the ?rst conversion unit outputs the voltage 
across the ?rst distribution capacitor charged With the volt 
age corresponding to the digital data to the signal output unit 
When the second conversion unit charges the second distri 
bution capacitor With the voltage corresponding to the 
digital data. 

[0017] The capacitance of the ?rst charging capacitor can 
be equal to that of the ?rst distribution capacitor, and the 
capacitance of the second charging capacitor can be equal to 
that of the second distribution capacitor. 

[0018] The signal output unit may comprise an operational 
ampli?er having a ?rst input terminal receiving a reference 
level voltage for setting a reference level, a second input 
terminal connected to a ?rst terminal of the ?rst distribution 
capacitor or a ?rst terminal of the second distribution 
capacitor in response to the select control signal, and an 
output terminal connected to a second terminal of the ?rst 
distribution capacitor or a second terminal of the second 
distribution capacitor in response to the select control signal. 

[0019] The operational ampli?er may output a voltage 
corresponding to a sum of the reference level voltage and 
one of the voltage across the ?rst distribution capacitor and 
the voltage across the second distribution capacitor. 

[0020] According to an exemplary embodiment of the 
present invention, there is provided a digital-to-analog con 
verter comprising a bit-dividing unit, an upper bit input unit, 
a loWer bit input unit, a ?rst conversion unit, a second 
conversion unit, and a signal output unit. The bit-dividing 
unit divides input n-bit data into m-bit upper bit data and 
(n-m-)-bit loWer bit data and stores the m-bit upper bit data 
and the (n-m)-bit loWer bit data. The upper bit input unit 
selects an upper limit voltage and a loWer limit voltage 
corresponding to the m-bit upper bit data among voltages 
belonging to the voltage range betWeen a maximum voltage 
and a minimum voltage applied thereto. The loWer bit input 
unit receives the (n-m)-bit loWer bit data bit by bit and 
outputs the upper limit voltage or the loWer limit voltage in 
response to the logic level of the received bit data. The ?rst 
conversion unit comprises a ?rst charging capacitor charged 
With a voltage corresponding to the upper limit voltage or 
the loWer limit voltage in response to a ?rst charging control 
signal and a ?rst distribution capacitor charged With a 
voltage corresponding to the n-bit data through a charge 
distribution betWeen the ?rst charging capacitor and the ?rst 
distribution capacitor in response to a ?rst distribution 
control signal. The second conversion unit comprises a 
second charging capacitor charged With a voltage corre 
sponding to the upper limit voltage or the loWer limit voltage 
in response to a second charging control signal, and a second 
distribution capacitor charged With the voltage correspond 
ing to the n-bit data through a charge distribution betWeen 
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the second charging capacitor and the second distribution 
capacitor in response to a second distribution control signal. 
The signal output unit is selectively connected to the ?rst 
conversion unit or the second conversion unit in response to 
a select control signal, and outputs an analog data signal 
corresponding to the voltage across the ?rst distribution 
capacitor or the voltage across the second distribution 
capacitor. 
[0021] The number m of the upper bit data may be set as 
an initial value or varied by resetting. 

[0022] The upper limit voltage may be a voltage on the 
assumption that all the bits of the loWer bit data have a logic 
high level. 

[0023] The loWer limit voltage may be a voltage on the 
assumption that all the bits of the loWer bit data have a logic 
loW level. 

[0024] The loWer bit input unit sequentially receives a 
least signi?cant bit (LSB), loWer bits, upper bits and a most 
signi?cant bit (MSB) of the loWer bit data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Exemplary embodiments of the present invention 
Will be understood in more detail from the folloWing 
descriptions taken in conjunction With the attached draWings 
in Which: 

[0026] FIG. 1 is a block diagram of a conventional resistor 
string converter; 

[0027] FIG. 2 is a circuit diagram of a conventional 
capacitor converter using charging of capacitors and charge 
distribution; 
[0028] FIG. 3 is a block diagram of a capacitor converter 
using an operational ampli?er; 

[0029] FIG. 4 is a block diagram of a digital-to-analog 
converter that makes up for the shortcoming of the capacitor 
converter illustrated in FIG. 3; 

[0030] FIG. 5 is a block diagram of a digital-to-analog 
converter according to an exemplary embodiment of the 
present invention; 

[0031] FIGS. 6A and 6B are block diagrams of the digital 
to-analog converter of FIG. 5 for illustrating an operation of 
the digital-to-analog converter of FIG. 5; 

[0032] FIG. 7 is a bar chart shoWing areas required for the 
converters of FIGS. 1, 4 and 5; 

[0033] FIG. 8 is a block diagram of a digital-to-analog 
converter for improving the reliability of its digital-to 
analog converting operation according to an exemplary 
embodiment of the present invention; and 

[0034] FIG. 9 is a block diagram of a section of the 
digital-to-analog converter of FIG. 8 for illustrating a con 
verting operation Wherein 10-bit data is input to the digital 
to-analog converter of FIG. 8. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0035] The present invention Will noW be described more 
fully With reference to the accompanying draWings, in Which 
exemplary embodiments of the invention are shoWn. The 
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invention may, however, be embodied in many different 
forms and should not be construed as being limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the concept of the invention to 
those skilled in the art. Throughout the draWings, like 
reference numerals refer to like elements. 

[0036] FIG. 3 is a block diagram ofa capacitor converter 
using an operational ampli?er. Referring to FIG. 3, the 
capacitor converter includes a data input unit 302, a con 
version unit 304, and a signal output unit 306. The data input 
unit 302 includes data sWitches Sdl and Sd2. The conver 
sion unit 304 includes a charging sWitch Scl, a charging 
capacitor C1, a distribution sWitch Sc2, a distribution 
capacitor C2, an initialization sWitch Sc3, and a level sWitch 
Sc4. The signal output unit 306 includes an operational 
ampli?er 308 and a plurality of sWitches Sal, Sa2 and Sa3. 

[0037] N-bit digital data is input bit by bit to the data input 
unit 302. When the logic level of the ?rst bit of the input 
n-bit digital data is high, the data sWitch Sdl, the charging 
sWitch Scl and the level sWitch Sc4 are turned on and, thus, 
the charging capacitor C1 is charged With a voltage Va-Vref 
obtained by subtracting a reference level voltage Vref from 
an upper limit voltage Va. When the logic level of the ?rst 
bit of the input n-bit digital data is loW, the data sWitch Sd2, 
the charging sWitch Scl and the level sWitch Sc4 are turned 
on and, thus, the charging capacitor C1 is charged With a 
voltage Vb-Vref obtained by subtracting the reference level 
voltage Vref from a loWer limit voltage Vb. When the 
distribution sWitch Sc2 is turned on to connect the charging 
capacitor C1 charged With the voltage Va-Vref or Vb-Vref 
to the distribution capacitor C2, charge distribution occurs 
betWeen the charging capacitor C1 and the distribution 
capacitor C2. 

[0038] The aforementioned operation is repeated to 
increase or decrease the quantity of charges accumulatively 
charged in the distribution capacitor C2 in response to the 
logic levels of the input data bits. When the operation is 
repeated n times, the distribution capacitor C2 is ?nally 
charged With a voltage corresponding to the n-bit digital 
data. 

[0039] When the charging operation of the distribution 
capacitor C2 is completed, the sWitches Sal and Sa2 are 
turned on. Then the signal output unit 306 outputs the 
voltage corresponding to the sum of the reference voltage 
Vref and the voltage across the distribution capacitor C2 
charged With the voltage corresponding to the n-bit digital 
data as an output voltage Vout using a virtual short circuit 
characteristic of the operational ampli?er 308. The initial 
iZation sWitch Sc3 discharges the charging capacitor C1 and 
the distribution capacitor C2 to initialiZe them. The sWitch 
Sa3 is turned on When the capacitor converter is initialiZed 
such that the signal output unit 306 outputs the reference 
level voltage Vref. 

[0040] In the aforementioned capacitor converter, hoW 
ever, the conversion unit 304 cannot perform the operation 
of charging the distribution capacitor C2 for the next input 
n-bit digital data While the signal output unit 306 outputs the 
voltage corresponding to the ?rst input n-bit digital data, that 
is, the voltage corresponding to the sum of the reference 
level voltage Vref and the voltage across the distribution 
capacitor C2. That is, the charging operation of the conver 
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sion unit 304 has to pause until the operation of the signal 
output unit 306 has ?nished. The time required for the 
digital-to-analog converting operation of the capacitor con 
verter is increased by the pause in the charging operation of 
the conversion unit 304. 

[0041] FIG. 4 is a block diagram of a digital-to-analog 
converter that makes up for the shortcoming of the capacitor 
converter illustrated in FIG. 3. Referring to FIG. 4, the 
digital-to-analog converter includes a data input unit 402, a 
?rst conversion unit 404, a second conversion unit 405, a 
?rst signal output unit 406, and a second signal output unit 
407. The data input unit 402 corresponds to the data input 
unit 302 of FIG. 3. Each of the ?rst and second conversion 
units 404 and 405 has the same con?guration as that of the 
conversion unit 304 of FIG. 3 and each of the ?rst and 
second signal output units 406 and 407 has the same 
con?guration as that of the signal output unit 306 of FIG. 3. 

[0042] When the ?rst conversion unit 404 receives a 
voltage corresponding to the digital data from the data input 
unit 402 to charge a ?rst distribution capacitor (correspond 
ing to the distribution capacity C2 of FIG. 3), the second 
conversion unit 405 outputs the voltage across a second 
distribution capacitor (corresponding to the distribution 
capacitor C2 of FIG. 3) that has been charged With a voltage 
corresponding to previously input digital data to the second 
signal output unit 407. The output voltage Vout of the second 
signal 407 is output to an output terminal via a sWitch S2. 

[0043] On the other hand, When the second conversion 
unit 405 receives the voltage corresponding to the digital 
data from the data input unit 402 to charge the second 
distribution capacitor, the ?rst conversion unit 404 outputs 
the voltage across the ?rst distribution capacitor that has 
been charged With the voltage corresponding to the previ 
ously input digital data to the ?rst signal output unit 406. The 
output voltage Vout of the ?rst signal output unit 406 is 
output to the output terminal via a sWitch S1. 

[0044] In the digital-to-analog converter having the afore 
mentioned con?guration illustrated in FIG. 4, the second 
conversion unit 405 and the second signal output unit 407 
perform the operation of outputting the voltage across the 
distribution capacitor charged With a voltage corresponding 
to previous digital data, While the ?rst conversion unit 404 
and the data input unit 402 carry out the operation of 
charging the distribution capacitor With a voltage corre 
sponding to current digital data, and the ?rst conversion unit 
404 and the ?rst signal output unit 406 perform the output 
ting operation While the second conversion unit 405 and the 
second signal output unit 407 execute the charging opera 
tion. Accordingly, the period of time required for the digital 
to-analog converting operation can be reduced. 

[0045] In the digital-to-analog converter of FIG. 4, the ?rst 
signal output unit 406 does not perform any operation While 
the ?rst conversion unit 404 and the data input unit 402 carry 
out the charging operation and the second conversion unit 
405 and the second signal output unit 407 execute the 
outputting operation. LikeWise, the second signal output unit 
407 does not perform any operation While the second 
conversion unit 405 and the data input unit 402 carry out the 
charging operation and the ?rst conversion unit 404 and the 
?rst signal output unit 406 execute the outputting operation. 
Accordingly, the area of the digital-to-analog converter can 
be further reduced by combining the ?rst and second signal 
output units 406 and 407. 
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[0046] FIG. 5 is a block diagram of a digital-to-analog 
converter according to an exemplary embodiment of the 
present invention. Referring to FIG. 5, the digital-to-analog 
converter includes a data input unit 502, a ?rst conversion 
unit 504, a second conversion unit 505, and a signal output 
unit 506. The data input unit 502 includes ?rst and second 
data sWitches Sd1 and Sd2. The ?rst conversion unit 504 
includes a ?rst charging sWitch Sc11, a ?rst charging capaci 
tor C11, a ?rst distribution sWitch Sc12, a ?rst distribution 
capacitor C12, a ?rst initialization sWitch Sc13, and a ?rst 
level sWitch Sc14. The second conversion unit 505 includes 
a second charging sWitch Sc21, a second charging capacitor 
C21, a second distribution sWitch Sc22, a second distribu 
tion capacitor C22, a second initialization sWitch Sc23, and 
a second level sWitch Sc24. The signal output unit 506 
includes an operational ampli?er 508, ?rst select sWitches 
Sa11 and Sa12, second select sWitches Sa21 and Sa22, and 
a connection sWitch Sa3. 

[0047] The ?rst and second distribution capacitors C12 
and C22 are charged With a voltage corresponding to the 
digital data input in a charging operation of the ?rst and 
second conversion units 504 and 505. The ?rst and second 
distribution capacitors C12 and C22 function as voltage 
holding capacitors for maintaining an output voltage Vout 
uniform in an outputting operation of the signal output unit 
506. 

[0048] The capacitance of the ?rst charging capacitor C11 
may be equal to the capacitance of the ?rst distribution 
capacitor C12 and the capacitance of the second charging 
capacitor C21 may be equal to the capacitance of the second 
distribution capacitor C22. 

[0049] The operational ampli?er 508 of the signal output 
unit 506 includes a ?rst input terminal (+) receiving a 
reference level voltage Vref for setting a reference level, a 
second input terminal (—) selectively connected to a ?rst 
terminal of the ?rst distribution capacitor C12 or a ?rst 
terminal of the second distribution capacitor C22, and an 
output terminal selectively connected to a second terminal of 
the ?rst distribution capacitor C12 or a second terminal of 
the second distribution capacitor C22. 

[0050] The connection sWitch Sa3 connects the second 
input terminal and the output terminal of the operational 
ampli?er 508 to output the reference level voltage Vref as an 
output signal of the output unit 506 When the digital-to 
analog converter is initialized. 

[0051] The operation of charging the ?rst distribution 
capacitor C12 With a voltage corresponding to the digital 
data input by the data input unit 502 using the ?rst conver 
sion unit 504 Will noW be explained. 

[0052] When 4-bit digital data “1011”, for example, is 
input to the data input unit 502, the operation of charging the 
?rst distribution capacitor C12 is repeated four times 
because the digital data has 4 bits. The bits of the 4-bit 
digital data are sequentially input starting from the least 
signi?cant bit (LSB). Assuming that the capacitance of the 
?rst charging capacitor C11 is equal to the capacitance of the 
?rst distribution capacitor C12, the capacitance of the sec 
ond charging capacitor C21 is equal to the capacitance of the 
second distribution capacitor C22, an upper limit voltage is 
10V, a loWer limit voltage is 0V, and the reference level 
voltage Vref is 0V. 
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[0053] When the ?rst initialization sWitch Sc13 is turned 
on, the ?rst distribution capacitor C12 is discharged for 
initialization. The ?rst charging capacitor C11 can be ini 
tialized by turning on the ?rst initialization sWitch Sc13 and 
the ?rst distribution sWitch Sc12. The second initialization 
sWitch Sc23 is used to initialize the second distribution 
capacitor C22. 

[0054] The LSB of the 4-bit digital data, “1”, is input ?rst 
and, thus, the ?rst data sWitch Sd1 is turned on. When the 
?rst charging sWitch Sc11 and the ?rst level sWitch Sc14 are 
turned on, the ?rst charging capacitor C11 is charged With a 
voltage (10V—0V=10V) obtained by subtracting the refer 
ence level voltage Vref from the upper limit voltage Va. 
When the ?rst charging sWitch Sc11 is turned off and the ?rst 
distribution sWitch Sc12 is turned on, charges are distributed 
betWeen the ?rst charging capacitor C11 and the ?rst dis 
tribution capacitor C12 such that each of the ?rst charging 
capacitor C11 and the ?rst distribution capacitor C12 is 
charged With 5V (=[(Va+0V)/2]). 

[0055] Then, the next data bit “1” is input to turn on the 
?rst data sWitch Sd1, the ?rst charging sWitch Sc11 and the 
?rst level sWitch Sc14 and thus the ?rst charging capacitor 
C11 is charged With the voltage (10V—0V=10V) obtained by 
subtracting the reference level voltage Vref from the upper 
limit voltage Va again. When the ?rst charging sWitch Sc11 
is turned off and the ?rst distribution sWitch Sc12 is turned 
on, charges are distributed betWeen the ?rst charging capaci 
tor C11 and the ?rst distribution capacitor C12 such that 
each of the ?rst charging capacitor C11 and the ?rst distri 
bution capacitor C12 is charged With 7.5V (=[(Va+Va/2)/ 2)] 
). 
[0056] Subsequently, the next data bit “0” is input to turn 
on the second data sWitch Sd2, the ?rst charging sWitch Sc11 
and the ?rst level sWitch Sc14 and thus the ?rst charging 
capacitor C11 is charged With a voltage (0V—0V=0V) 
obtained by subtracting the reference level voltage Vref 
from the loWer limit voltage Vb. When the ?rst charging 
sWitch Sc11 is turned off and the ?rst distribution sWitch 
Sc12 is turned on, charges are distributed betWeen the ?rst 
charging capacitor C11 and the ?rst distribution capacitor 
C12 such that each of the ?rst charging capacitor C11 and 
the ?rst distribution capacitor C12 is charged With 3.5V 
(=[(Vb+3Va/4)/2)]). 
[0057] The last data bit “1” is input to turn on the ?rst data 
sWitch Sd1, the ?rst charging sWitch Sc11 and the ?rst level 
sWitch Sc14 and thus the ?rst charging capacitor C11 is 
charged With the voltage (10V—0V=10V) obtained by sub 
tracting the reference level voltage Vref from the upper limit 
voltage Va again. When the ?rst charging sWitch Sc11 is 
turned off and the ?rst distribution sWitch Sc12 is turned on, 
charges are distributed betWeen the ?rst charging capacitor 
C11 and the ?rst distribution capacitor C12 such that each of 
the ?rst charging capacitor C11 and the ?rst distribution 
capacitor C12 is charged With 6.875V (=[(Va+{(Vb+3Va/ 

[0058] When the operation of charging the ?rst distribu 
tion capacitor C12 is completed, the ?rst select sWitches 
Sa11 and Sa12 are turned on such that the signal output unit 
506 outputs the voltage Vout corresponding to the sum of the 
reference level voltage Vref and the voltage across the ?rst 
distribution capacitor C12 to the output terminal using the 
virtual short circuit characteristic of the operational ampli 
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?er 508. Consequently, the 4-bit digital data “1011” is 
converted into the analog data signal Vout and is output. 

[0059] While the ?rst conversion unit 504 is outputting the 
voltage across the ?rst distribution capacitor C12 to the 
signal output unit 506, the second conversion unit 505 
sequentially receives the next 4-bit digital data from the data 
input unit 502 and charges the second distribution capacitor 
C22 With a voltage corresponding to the received 4-bit 
digital data. 

[0060] When the operation of charging the second distri 
bution capacitor C22 has ?nished, the second select sWitches 
Sa21 and Sa22 are turned on such that the signal output unit 
506 outputs the voltage Vout corresponding to the sum of the 
reference level voltage Vref and the voltage across the 
second distribution capacitor C22 to the output terminal. 
While the second conversion unit 505 is outputting the 
voltage across the second distribution capacitor C22 to the 
signal output unit 506, the ?rst conversion unit 504 sequen 
tially receives the next 4-bit digital data from the data input 
unit 502 and charges the ?rst distribution capacitor C12 With 
a voltage corresponding to the received 4-bit digital data. 

[0061] The operation of the ?rst and second conversion 
units 504 and 505 Will noW be explained With reference to 
FIGS. 6A and 6B. 

[0062] FIGS. 6A and 6B are block diagrams for illustrat 
ing an operation of the digital-to-analog converter of FIG. 5. 
Referring to FIG. 6A, the ?rst conversion unit 504 charges 
the ?rst distribution capacitor C12 With a voltage corre 
sponding to current digital data and the second conversion 
unit 505 outputs the voltage across the second distribution 
capacitor C22 that has been already charged With a voltage 
corresponding to previously input digital data to the signal 
output unit 506. 

[0063] Referring to FIG. 6B, the ?rst conversion unit 504 
outputs the voltage across the ?rst distribution capacitor C12 
that has been already charged With a voltage corresponding 
to previously input digital data to the signal output unit 506, 
and the second conversion unit 505 charges the second 
distribution capacitor C22 With a voltage corresponding to 
current digital data. 

[0064] As described above, the second conversion unit 
505 and the signal output unit 506 perform the outputting 
operation When the ?rst conversion unit 504 and the data 
input unit 502 carry out the charging operation, then the ?rst 
conversion unit 504 and the signal output unit 506 execute 
the outputting operation When the second conversion unit 
505 and the data input unit 502 carry out the charging 
operation. This can reduce the length of time required for the 
digital-to-analog converting operation to increase the digi 
tal-to-analog converting speed of the digital-to-analog con 
verter. 

[0065] The ?rst select sWitches Sa11 and Sa12 and the 
second select sWitches Sa21 and Sa22 are complementary 
sWitched and, thus, any charge loss caused by the sWitching 
can be supplemented When the sWitches are composed of 
MOSFETs. For example, charges lost When the ?rst select 
sWitches Sa11 and Sa12 are turned off can be used When the 
second select sWitches Sa21 and Sa22 are turned on, and 
charges lost When the second select sWitches Sa21 and Sa22 
are turned off can be used When the ?rst select sWitches Sa11 
and Sa12 are turned on. 
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[0066] In the digital-to-analog converter according to the 
exemplary embodiment of the present invention, the voltage 
across the ?rst distribution capacitor C12 or the voltage 
across the second distribution capacitor C22 is output With 
out requiring a subsequent separate capacitor. Accordingly, 
the digital-to-analog converter according to the exemplary 
embodiment of the present invention can remarkably reduce 
charge transfer error generated When charges are transferred 
to the output unit compared to conventional converters 
having separate capacitors in their signal output units. 

[0067] Furthermore, the digital-to-analog converter 
according to the exemplary embodiment of the present 
invention has a single signal output unit, distinguished from 
the digital-to-analog converter shoWn in FIG. 4 having tWo 
signal output units and, thus, the area of the digital-to-analog 
converter according to the exemplary embodiment of the 
present invention can be decreased. 

[0068] FIG. 7 is a bar chart shoWing semiconductor chip 
areas required for of the converters of FIGS. 1, 4 and 5. If 
the area of the resistor string converter using a 6-bit decoder, 
illustrated in FIG. 1, is 100 (A), the resistor string converter 
requires 400 When using an 8-bit decoder (B) and 1600 When 
using a 10-bit decoder (C). The digital-to-analog converter 
according to the current embodiment of the present inven 
tion requires an area (E) corresponding to 20% to 30% of the 
area (C) and 60 to 70% of a case (D) in Which the capacitor 
converter of FIG. 4 is used. It can be seen from FIG. 7 that 
the digital-to-analog converter according to the exemplary 
embodiment of the present invention is suitable for high 
integration. 

[0069] FIG. 8 is a block diagram of a digital-to-analog 
converter for improving the reliability of its digital-to 
analog converting operation according to an exemplary 
embodiment of the present invention. Referring to FIG. 8, 
the digital-to-analog converter includes a bit-dividing unit 
810 consisting of a data memory 813, an upper bit memory 
811 and a loWer bit memory 812, an upper bit input unit 801, 
a loWer bit input unit 802, a ?rst conversion unit 804, a 
second conversion unit 805, and a signal output unit 806. 
The ?rst conversion unit 804, the second conversion unit 
805 and the signal output unit 806 of FIG. 8 respectively 
correspond to the ?rst conversion unit 504, the second 
conversion unit 505 and the signal output unit 506 of the 
system shoWn in FIG. 5. 

[0070] The digital-to-analog converter of FIG. 8 includes 
the upper bit input unit 801 and the loWer bit input unit 802 
in order to improve the stability and reliability of the 
converting operation thereof. 

[0071] The n-bit data input to the data memory 813 is 
divided into m-bit upper bit data and (n-m)-bit loWer bit 
data. The m-bit upper bit data is stored in the upper bit 
memory 811 and then input to the upper bit input unit 801. 
The (n-m)-bit loWer bit data is stored in the loWer bit 
memory 812 and then input to the loWer bit input unit 802. 
That is, the bit-dividing unit 810 divides the input n-bit data 
into the m-bit upper bit data and the (n-m)-bit loWer bit data 
and respectively stores them. 

[0072] The upper bit input unit 801 receives voltages V1, 
V2, V3, . . . , Vk ranging betWeen a maximum voltage Vk 

and a minimum voltage V1 and receives the upper bit data 
from the upper bit memory 811. The upper bit input unit 801 
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selects an upper limit voltage and a lower limit voltage 
corresponding to the upper bit data from among the voltages 
V1, V2, V3, . . . , Vk and outputs the upper limit voltage Va 
and the loWer limit voltage Vb to the loWer bit input unit 
802. The upper limit voltage Va output to the loWer bit input 
unit 802 is a voltage based on the assumption that all the bits 
of the loWer bit data have a logic high level. The loWer limit 
voltage Vb is a voltage based on the assumption that all the 
bits of the loWer bit data have a logic loW level. 

[0073] In the n-bit data, the most signi?cant bit (MSB) is 
the most important information, other upper bits are less 
signi?cant than the MSB, loWer bits are less signi?cant than 
the upper bits, and the LSB has the loWest signi?cance. 
Thus, the upper bit data having a high signi?cance in the 
n-bit data is separately extracted and the upper limit voltage 
Va and the loWer limit voltage Vb of a voltage range that can 
be output by the loWer bit input unit 802 are previously set 
on the basis of the extracted upper bit data. 

[0074] While converting errors relevant to the upper bit 
data largely affect the ?nal converting result for all of the 
n-bit data, the in?uence of converting errors relevant to the 
loWer bit data on the ?nal converting result for all of the n-bit 
data is relatively insigni?cant. The capacitor converter has 
loW operation stability and reliability, although it is suitable 
for high level integration due to its small area, as described 
above. In consideration of these tWo aspects, an exemplary 
embodiment of the present invention improves the stability 
of the converting operation for the upper bit data by avoiding 
using the capacitor converter and increases the level of 
integration of the converter by using the capacitor converter 
for the converting operation for the loWer bit data. In FIG. 
8, the loWer bit input unit 802 and the ?rst conversion unit 
804 or the loWer bit input unit 802 and the second conver 
sion unit 805 are operated as a capacitor converter. 

[0075] Since the upper limits voltage Va and the loWer 
limit voltage Vb of the voltage range that can be output by 
the loWer bit input unit 802 are already set based on the 
upper bit data, the overall converting error is not increased 
even When converting errors With respect to the loWer bit 
data are generated. 

[0076] The value m can be set as an initial value or can be 
varied by resetting. The integration of the converter 
increases as m become smaller, and the operation stability of 
the converter increases as m becomes larger. 

[0077] The loWer bit input unit 802 receives the loWer bit 
data bit by bit from the loWer bit memory 812, outputs the 
upper limit voltage Va When the logic level of the received 
loWer bit data is high and outputs the loWer limit voltage Vb 
When the logic level of the received loWer bit data is loW. 
The loWer bit input unit 802 is similar to the data input unit 
502 of FIG. 5. The bits of the loWer bit data are sequentially 
input to the loWer bit input unit 802 starting from the LSB. 

[0078] The ?rst conversion unit 804, the second conver 
sion unit 805 and the signal output unit 806 respectively 
correspond to the ?rst conversion unit 504, the second 
conversion unit 505 and the signal output unit 506 of FIG. 
5. 

[0079] FIG. 9 is a block diagram of a section of the 
digital-to-analog converter of FIG. 8 for illustrating a con 
verting operation When 10-bit data is input to the digital-to 
analog converter of FIG. 8. In FIG. 9, m is set to 3. 
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[0080] When 10-bit data “1100101110” is input to the data 
memory 813, the 10-bit data is divided into upper bit data 
“110” and loWer bit data “0101110” and respectively stored 
in the upper bit memory 811 and the loWer bit memory 812. 
The upper bit input unit 801 selects a voltage range corre 
sponding to the upper bit data “110” from the voltages V1, 
V2, V3, . . . , Vk applied thereto and outputs the upper limit 
voltage Va and the loWer limit voltage Vb of the selected 
voltage range to the loWer bit input unit 802. 

[0081] The loWer bit input unit 802 receives the loWer bit 
data “0101110” bit by bit from the loWer bit memory 812 
and turns on the ?rst data sWitch Sd1 to output the upper 
limit voltage Va When the logic level of the received bit data 
is high. The loWer bit input unit 802 turns on the second data 
sWitch Sd2 to output the loWer limit voltage Vb When the 
logic level of the received bit data is loW. 

[0082] The capacitor converting operation of the ?rst or 
second conversion unit 804 or 805 and the signal outputting 
operation of the signal output unit 806 have been explained 
above and thus descriptions thereof are omitted. 

[0083] While the present invention has been particularly 
shoWn and described With reference to exemplary embodi 
ments thereof, it Will be understood by those of ordinary 
skill in the art that various changes in form and details may 
be made therein Without departing from the spirit and scope 
of the present invention as de?ned by the folloWing claims. 

What is claimed is: 
1. A digital-to-analog converter comprising: 

a data input unit including data sWitches that are opened 
and closed in response to a logic level of input digital 
data; 

a ?rst conversion unit including a ?rst charging capacitor 
charted With a voltage transferred through the data 
sWitches in response to a ?rst charging control signal, 
and a ?rst distribution capacitor charged With a voltage 
corresponding to the digital data through a charge 
distribution betWeen the ?rst charging capacitor and the 
?rst distribution capacitor in response to a ?rst distri 
bution control signal. 

a second conversion unit including a second charging 
capacitor charged With a voltage transferred through 
the data sWitches in response to a second charging 
control signal, and a second distribution capacitor 
charged With the voltage corresponding to the digital 
data through a charge distribution betWeen the second 
charging capacitor and the second distribution capaci 
tor in response to a second distribution control signal; 
and 

a signal output unit selectively connected to the ?rst 
conversion unit or the second conversion unit in 
response to a select control signal, and outputting an 
analog data signal corresponding to the voltage across 
the ?rst distribution capacitor or the voltage across the 
second distribution capacitor. 

2. The digital-to-analog converter of claim 1, Wherein the 
second conversion unit is connected to the signal output unit 
When the ?rst conversion unit receives the voltage trans 
ferred through the data sWitches, and the ?rst conversion 



US 2007/0194964 A1 

unit is connected to the signal output unit When the second 
conversion unit receives the voltage transferred through the 
data sWitches. 

3. The digital-to-analog converter of claim 2, Wherein the 
second conversion unit outputs the voltage across the second 
distribution capacitor charged With the voltage correspond 
ing to the digital data to the signal output unit When the ?rst 
conversion unit charges the ?rst distribution capacitor With 
the voltage corresponding to the digital data, and the ?rst 
conversion unit outputs the voltage across the ?rst distribu 
tion capacitor charged With the voltage corresponding to the 
digital data to the signal output unit When the second 
conversion unit charges the second distribution capacitor 
With the voltage corresponding to the digital data. 

4. The digital-to-analog converter of claim 1, Wherein a 
capacitance of the ?rst charging capacitor is equal to a 
capacitance of the ?rst distribution capacitor. 

5. The digital-to-analog converter of claim 1, Wherein a 
capacitance of the second charging capacitor is equal to a 
capacitance of the second distribution capacitor. 

6. The digital-to-analog converter of claim 1, Wherein the 
data input unit comprises: 

a ?rst data sWitch transferring an upper limit voltage that 
a voltage across the ?rst distribution capacitor and a 
voltage across the second distribution capacitor can 
have in response to the logic level of the input digital 
data; and 

a second data sWitch transferring a loWer limit voltage 
that a voltage across the ?rst distribution capacitor and 
a voltage across the second distribution capacitor can 
have in response to the logic level of the input digital 
data. 

7. The digital-to-analog converter of claim 1, Wherein, for 
charging the ?rst charging capacitor, the ?rst conversion unit 
comprises: 

a ?rst charging sWitch transferring the voltage transferred 
through the data sWitches to a ?rst terminal of the ?rst 
charging capacitor in response to the ?rst charging 
control signal and a ?rst level sWitch transferring a 
reference level voltage for setting a reference level to a 
second terminal of the ?rst charging capacitor in 
response to the ?rst charging control signal. 

8. The digital-to-analog converter of claim 7, Wherein, for 
charging the second charging capacitor, the second conver 
sion unit comprises: 

a second charging sWitch transferring the voltage trans 
ferred through the data sWitches to a ?rst terminal of the 
second capacitor in response to the second charging 
control signal and a second level sWitch transferring the 
reference level voltage to a second terminal of the 
second charging capacitor in response to the second 
charging control signal. 

9. The digital-to-analog converter of claim 1, Wherein, for 
charging the ?rst distribution capacitor, the ?rst conversion 
unit comprises a ?rst distribution sWitch connecting the ?rst 
charging capacitor to the ?rst distribution capacitor in 
response to the ?rst distribution control signal. 

10. The digital-to-analog converter of claim 9, Wherein, 
for charging the second distribution capacitor, the second 
conversion unit comprises a second distribution sWitch 
connecting the second charging capacitor to the second 
distribution capacitor in response to the second distribution 
control signal. 
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11. The digital-to-analog converter of claim 1, Wherein, 
for initialiZing the ?rst distribution capacitor, the ?rst con 
version unit comprises a ?rst initialiZation sWitch discharg 
ing the ?rst distribution capacitor. 

12. The digital-to-analog converter of claim 11, Wherein, 
for to initialiZing the second distribution capacitor, the 
second conversion unit comprises a second initialization 
sWitch discharging the second distribution capacitor. 

13. The digital-to-analog converter of claim 1, Wherein 
the signal output unit comprises an operational ampli?er 
having a ?rst input terminal receiving a reference level 
voltage for setting a reference level, a second input terminal 
selectively connected to a ?rst terminal of the ?rst distribu 
tion capacitor or a ?rst terminal of the second distribution 
capacitor in response to the select control signal, and an 
output terminal selectively connected to a second terminal of 
the ?rst distribution capacitor or a second terminal of the 
second distribution capacitor in response to the select con 
trol signal. 

14. The digital-to-analog converter of claim 13, Wherein 
the operational ampli?er outputs a voltage corresponding to 
a sum of the reference level voltage and one of the voltage 
across the ?rst distribution capacitor and the voltage across 
the second distribution capacitor. 

15. The digital-to-analog converter of claim 13, Wherein, 
for selectively connecting betWeen the signal output unit and 
the ?rst conversion unit, the signal output unit comprises 
?rst select sWitches connecting the ?rst terminal of the ?rst 
distribution capacitor and the second terminal of the ?rst 
distribution capacitor to the second input terminal and the 
output terminal of the operational ampli?er, respectively. 

16. The digital-to-analog converter of claim 15, Wherein, 
for selectively connecting betWeen the signal output unit and 
the second conversion unit, the signal output unit further 
comprises second select sWitches connecting the ?rst termi 
nal of the second distribution capacitor and the second 
terminal of the second distribution capacitor to the second 
input terminal and the output terminal of the operational 
ampli?er, respectively. 

17. The digital-to-analog converter of claim 13, Wherein 
the signal output unit further comprises a connection sWitch 
that connects or disconnects the second input terminal and 
the output terminal of the operational ampli?er in order to 
output the reference level voltage as an output signal of the 
signal output unit When the digital-to-analog converter is 
initialiZed. 

18. A digital-to-analog converter comprising: 

a bit-dividing unit dividing input n-bit data into m-bit 
upper bit data and (n-m)-bit loWer bit data and storing 
the m-bit upper bit data and the (n-m)-bit loWer bit data; 

an upper bit input unit selecting an upper limit voltage and 
a loWer limit voltage corresponding to the m-bit upper 
bit data from among voltages belonging to a voltage 
range betWeen a maximum voltage and a minimum 
voltage applied thereto; 

a loWer bit input unit receiving the (n-m)-bit loWer bit data 
bit by bit and outputting the upper limit voltage or the 
loWer limit voltage in response to the logic level of the 
received bit data; 

a ?rst conversion unit including a ?rst charging capacitor 
charged With a voltage corresponding to the upper limit 
voltage or the loWer limit voltage in response to a ?rst 
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charging control signal, and a ?rst distribution capaci 
tor charged With a voltage corresponding to the n-bit 
data through a charge distribution betWeen the ?rst 
charging capacitor and the ?rst distribution capacitor in 
response to a ?rst distribution control signal; 

a second conversion unit including a second charging 
capacitor charged With a voltage corresponding to the 
upper limit voltage or the loWer limit voltage in 
response to a second charging control signal, and a 
second distribution capacitor charged With the voltage 
corresponding to the n-bit data through a charge dis 
tribution betWeen the second charging capacitor and the 
second distribution capacitor in response to a second 
distribution control signal; and 

a signal output unit selectively connected to the ?rst 
conversion unit or the second conversion unit in 
response to a select control signal, and outputting an 
analog data signal corresponding to the voltage across 
the ?rst distribution capacitor or the voltage across the 
second distribution capacitor. 

19. The digital-to-analog converter of claim 18, Wherein 
m can be set as an initial value and varied by resetting. 

20. The digital-to-analog converter of claim 18, Wherein 
the upper limit voltage is a voltage based on an assumption 
that all the bits of the loWer bit data have a logic high level. 

21. The digital-to-analog converter of claim 18, Wherein 
the loWer limit voltage is a voltage based on an assumption 
that all the bits of the loWer bit data have a logic loW level. 

22. The digital-to-analog converter of claim 18, Wherein 
the loWer bit input unit sequentially receives a least signi? 
cant bit (LSB), loWer bits and a least loWer bit of the loWer 
bit data bit by bit. 

23. The digital-to-analog converter of claim 18, Wherein 
the second conversion unit outputs the voltage across the 
second distribution capacitor charged With the voltage cor 
responding to the n-bit data to the signal output unit When 
the ?rst conversion unit receives the upper limit voltage or 
the loWer limit voltage from the loWer bit input unit and 
charges the ?rst distribution capacitor With the voltage 
corresponding to the n-bit data, and the ?rst conversion unit 
outputs the voltage across the ?rst distribution capacitor 
charged With the voltage corresponding to the n-bit data to 
the signal output unit When the second conversion unit 
receives the upper limit voltage or the loWer limit voltage 
from the loWer bit input unit and charges the second distri 
bution capacitor With the voltage corresponding to the n-bit 
data. 

24. The digital-to-analog converter of claim 18, Wherein 
a capacitance of the ?rst charging capacitor is equal to a 
capacitance of the ?rst distribution capacitor and a capaci 
tance of the second charging capacitor is equal to a capaci 
tance of the second distribution capacitor. 

25. The digital-to-analog converter of claim 18, Wherein 
the loWer bit input unit comprises: 

a ?rst data sWitch transferring the upper limit voltage in 
response to the logic level of the loWer bit data; and 

a second data sWitch transferring the loWer limit voltage 
in response to the logic level of the loWer bit data. 

26. The digital-to-analog converter of claim 18, Wherein 
the ?rst conversion unit comprises: 
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a ?rst charging sWitch transferring the upper limit voltage 
or the loWer limit voltage to a ?rst terminal of the ?rst 
charging capacitor in response to the ?rst charging 
control signal. 

a ?rst level sWitch transferring a reference level voltage 
for setting a reference level to a second terminal of the 
?rst charging capacitor in response to the ?rst charging 
control signal; 

a ?rst distribution sWitch connecting the ?rst charging 
capacitor to the ?rst distribution capacitor in response 
to the ?rst distribution control signal; and 

a ?rst initialiZation sWitch discharging the ?rst distribu 
tion capacitor to initialiZe the ?rst distribution capaci 
tor. 

27. The digital-to-analog converter of claim 26, Wherein 
the second conversion unit comprises: 

a second charging sWitch transferring the upper limit 
voltage or the loWer limit voltage to a ?rst terminal of 
the second charging capacitor in response to the second 
charging control signal; 

a second level sWitch transferring the reference level 
voltage to a second terminal of the second charging 
capacitor in response to the second charging control 
signal; 

a second distribution sWitch connecting the second charg 
ing capacitor to the second distribution capacitor in 
response to the second distribution control signal; and 

a second initialiZation sWitch discharging the second 
distribution capacitor to initialiZe the second distribu 
tion capacitor. 

28. The digital-to-analog converter of claim 18, Wherein 
the signal output unit comprises an operational ampli?er 
having a ?rst input terminal receiving a reference level 
voltage for setting a reference level, a second input terminal 
selectively connected to a ?rst terminal of the ?rst distribu 
tion capacitor or a ?rst terminal of the second distribution 
capacitor in response to the select control signal, and an 
output terminal selectively connected to a second terminal of 
the ?rst distribution capacitor or a second terminal of the 
second distribution capacitor in response to the select con 
trol signal. 

29. The digital-to-analog converter of claim 28, Wherein 
the operational ampli?er outputs a voltage corresponding to 
a sum of the reference level voltage and one of the voltage 
across the ?rst distribution capacitor and the voltage across 
the second distribution capacitor. 

30. The digital-to-analog converter of claim 28, Wherein, 
for selectively connecting by the select control signal, the 
signal output unit comprises: 

?rst select sWitches connecting the ?rst terminal of the 
?rst distribution capacitor and the second terminal of 
the ?rst distribution capacitor to the second input 
terminal and the output terminal of the operational 
ampli?er, respectively; and 

second select sWitches connecting the ?rst terminal of the 
second distribution capacitor and the second terminal 
of the second distribution capacitor to the second input 
terminal and the output terminal of the operational 
ampli?er, respectively. 
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31. The digital-to-analog converter of claim 28, Wherein output the reference level Voltage as an output signal of the 
the signal output unit further comprises a connection sWitch Signal output unit When the digital'to'analog Converter is 
that connects or disconnects the second input terminal and initialized 

the output terminal of the operational ampli?er in order to * * * * * 


